Iron plays a critical role in the metabolic processes of virtually all life on Earth. Specifically, biological systems have harnessed the oxidation-reduction capacity of iron, which can cycle between its ferrous (Fe 2+ ) and ferric (Fe 3+ ) states with relative ease, thereby driving a range of reactions within the body [1] . This reactivity is both a blessing and a curse, and organisms have had to develop a host of transport and storage mechanisms to circumvent the damaging effects of free radical formation and to maintain iron homeostasis [1] . The main iron storage mechanism used by animals, plants and even bacteria is ferritin, which is a cage-like protein containing approximately 2500 iron atoms within its core. This core is typically 7-8 nm in diameter and is composed of the iron oxyhydroxide mineral ferrihydrite (5Fe 2 O 3 • 9H 2 O).
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In addition to its role in metabolism, certain animals exploit iron's other physical properties for various structural and functional purposes. For example, marine molluscs such as chitons and limpets are known to use iron reinforced teeth to feed on algal-covered rocks [2] , and small biomineralised crystals of magnetite (Fe 3 O 4 ) are used by bacteria to orient their swimming and move towards environments favourable for growth [3] . Many higher organisms, such as birds and bees are also known to be sensitive to the Earth's magnetic field and are thought to use specialised cells containing nanoparticles of biogenic magnetite to navigate [4] . Those working in the field of biomineralisation and magnetoreception are looking for new tools to describe structure-function relationships in these systems. Here we describe a range of imaging modalities that are highly suitable for the study of biomineralisation and magnetoreception.
Chiton teeth are natural biocomposites comprised of bonded layers of iron oxide and calcium minerals, which, together with the tooth's organic microstructure, significantly enhance the mechanical properties of the teeth. X-ray micro-and nano-computed tomography (micro-nano-CT) have been used to reveal the gross structure of the teeth (Fig 1A-C) , while SEM, TEM, energyfiltered TEM (EFTEM) and X-ray microanalysis (EDS) have been used to highlight the tooth's fine structure and the processes involved in the delivery of mineralising elements to the teeth (Fig 1D-F) . More recently, we have used magnetic resonance imaging (MRI) in combination with similar TEM methods in attempts to resolve the location of magnetoreceptive cells in honeybees. It is hoped that the magnetic properties of iron particles within these cells will allow us to visualise the location of putative receptor cells by MRI, which can then be targeted and characterised using TEM, EELS, EFTEM and electron diffraction. We have initially used MRI scans to build an anatomical atlas of the bees structure ( Fig. 2A) , which will subsequently be co-localised with scans aimed at resolving magnetoreceptor cells. We recently applied these techniques for describing the distribution and crystallographic properties of iron particles in the beak of the homing pigeon [5] and have used EFTEM mapping on iron granules located within trophocyte cells of the bee abdomen (Fig 2B-C) .
In summary, a range of microanalytical techniques can be used to identify, map and characterise iron (and other elements) at the tissue and cellular level. Such information is important for describing numerous biological processes and is particularly suited to the study of organic/inorganic systems such as biominerals. With increasing interest in the study of iron-based drug delivery agents or the continued development of contrast agents for MRI, these techniques are also applicable to a range of biomedical applications. This presentation will discuss the application of these techniques using examples selected from those mentioned above. More detail on chiton tooth mineralisation will be presented by Saunders et al. (this meeting). 
